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@ Cell culture substrate, test material for cell culture and preparations thereof. 



(S?) This invention provides cell culture subs- 
trates, cell culture test materials and prepa- 
ration thereof using temperature-responsive 
polymeric compounds having an LCST lower 
than the cell culture temperature and cell adhe- 
sive substances capable of adhering the cell to 
be cultured without any deterioration of the cell 
and the ceil adhesive substances having 
crosslinked parts and non-crosslinked parts in 
an island-in-sea pattern, a sea-sea pattern, a 
lamellar pattern or any mixture of these three 
patterns. 
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This application is a oontinuation-in-partof U.S. Patent Application Serial No. 675,375filed March 26 1991 
which is a continuation-in-part of U.S. Patent Application Serial No. 492,691 filed March 1 3, 1990, abandoned. 

Technical Field 

5 The invention relates to a cell culture substrate and a method of preparing the same. Specif ically, it relates 
to the use of a temperature- responsive polymeric compound and a cell adhesive substance capable of ad- 
hering a cell to be cultured for a cell culture substrate where subculture is required. The invention also relates 
to a cell culture test material using the cell culture substrate and a method of the preparation of the same. 

w Specifically, ft relates to a cell culture test material useful for determining optimal conditions for cultunng a spe- 
cific cell on the substrate. 

Background Art of the Invention 

is The major applications of the current mammalian cell culture technology are (1) bioreactors for the pro- 
duction of cell products with physiological activities. (2) prosthesis for diseased or damaged Irving tissues or 
organs and (3) simulators to evaluate toxicity and activity of drugs and so on. 

The mammalian cells used in cell culture technology can be divided into two types, i.e., anchorage inde- 
pendent cells and anchorage dependent cells. 
a» Anchorage independent cells can perform their cellular functions such as survival, proliferation and pro- 
duction of substances without any substrate that serves as a scaffold for the cells. Typical examples are hy- 
bridomas formed from myeloma cell3 and spleen cells. . 

In contrast, the latter types of anchorage dependent cells are cells which normally cannot perform their 
cellular functions such as survival, proliferation and production of substances without a substrate that serves 
25 as a scaffold for the cells. The majority of normal diploid cells, including primary cells, are anchorage depend- 
ent Even many of the established cell lines are known to show anchorage dependency. For example, the es- 
tablished cell lines for the production of useful cell products including cytokines, such as interferon and inter- 
leukin. differentiating factors such as erythropoietin, colony-stimulating factor, thrombopoietin, and tissue 
plasminogen activator and vaccines, are known to be anchorage dependent In addition, most of the cells ap- 
30 plicabte as prostheses for a diseased or damaged living body and/or as simulators for evaluation of toxicity 
and activity of drugs, are intended to be anchorage dependent Therefore, establishment of cultunng technol- 
ogy for the anchorage dependent cells is extremely important for these applications. 

In general, to utilize animal cells for these technological applications it is important to culture the cells i in 
a large quantity and at a high density while keeping the cells at a full functional level. However, animal cells, 
35 more so than microbial cells, are highly susceptible to the effects of deficiency of supply of nutnents such as 
oxygen, and to the effects of accumulating of metabolic waste products. 

In the case of anchorage independent cells, suspension culture techniques are considered to be the best. 
If cells are cultured in a suspension with agitation, waste materials can be removed quickly and nutrients can 
be supplied efficiently. Therefore, it is relatively easy to scale up the equipments mass and high density cul- 
40 ture for anchorage independent cells. H 
For anchorage dependent cells, it is not possible to use the suspension culture technique because the cells 
require a substrate for attachment. Therefore, different cell culture devices with a substrate for cell attachment 
have so far been developed. For example, on an experimental scale, dish-type, flask-type, and plate-type de- 
vices have been most widely used. However, the above mentioned devices are not suitable for mass cell cul- 

45 "^Therefore different ideas have been conceived to increase the surface area of the substrate where the 
cells could adhere, relative to the total volume. Examples of proposed devices include: (1) roller bottle type 
where bottles for cell culture are rotated to grow the cells on the entire surface of the wall. (2) multiple tray 
type where plates for cell adhesion are arranged parallel in the culture medium, and the culture med.um is cir- 

so culated among the plates. (3) coil type where a plasticf ilm, formed into a coil, is inserted into a cylindrical tube 
which is rotated about its axis to adhere the cells, and then a culture medium is circulated among the film, (4 
hollow fiber type where hollow fiber semipermeable membranes are contacted with the cells on the external 
surface of the hollow fibers and the culture medium is circulated through the interior of the hollow fiber mem- 
branes to supply nutrients and remove waste materials through the hollow fiber membranes. (5) packed glass 

55 bead type where cells are in contact with and adhered to the packed glass beads and the culture medium is 
circulated among them, and (6) microbead type where microbeads are suspended in the culture medium to 
attach the cells on the surface of the microbeads which are agitated to culture the cells. 

As described above, attention has been mainly paid to morphological design of the cell culture device from 



\ 



EP 0 529 751 A1 



10 



15 



70 



25 



theviewpointofeffe^^^ 

it is almost impossible to maintain ^^^^^^3 that the cell culture substrate is a 
efficiency of nutrient supply and waste removal Rather, Therefore, research on the 

keytor^ntain^ 

relationship between the nature of the cell of ^ cM substrates because of its 

Heretofore, polystyrene has been mos widely •£* ^^J^SLu^ and l0 w price. However, 
optfca. transparency. ^ inhibHed on the surface 

the cell adhesion process which leads to the cell P™^™"°". * Therefore in order to improve cell attach- 
of the polystyrene culture substrate because of to h ^ P ft ho ^ w ^ n'ec^ttve Charges by corona dis- 
ment exoneration, a modtfied M^ tfic ^ ^foundthat 

to improve cell functions such as attachment V*""^ SSSS^fca cell functions into the 

-riui^ 

^Uofthefcnc^^^^ 
has become dear that an extrac^ 

Xc^^^ 

definrtece.landistocatodina^ain^ss^ 

functions. Even with tr* same type of col^gen introd J ^ ^ to 

rnodif ication of higher order structure ™«£££Zf^£ f ibrone ctin. laminin. thrombospondin. vi- 
other substances idenWied as e ^ ,, "'^^ a 7 s Xte n S have specie binding sites relative to the 

ti0nS F urtherm W e. in add.cn to the above described ZZ^SS- 
substances capable of effectively controlling ^^S^W^-e^to^ 

educated substra^ 

Furthermore, recently a culture substrate coated aSchment and viability of hepatocytes 

as a side chain has been developed, and ^ / ^^ 7 ^^^ the modified ce.l culture 
have been recognized (T. Akaike, etal Jpn. J. ^J^^^X* have not been able to attach and 

• =S£==S==:=s==. 

ogy still has the following crucial problems. lhire , Qi , tha t the cells stop further proliferation if the cells 

Adistinctfeatureofancho^ 
so operate and completely cover the su face ^^^^ the old substrate and then 

inhibition occurs, a passage process, (that is the process in proliferation. In the 

to transfer the detached cells to a new substrate . necessary in order to con , j ^ 
pas,, proteolytic enzymes such as jr yp»n an ^^S^i ^ like ^ sini " 
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bu t .so bonds between neighing c^s Three S^tifSSSPS 
junction, and desmosome are known The tight J™*"^ «» ^exchange* substances 

'substances belween the apical and basal ^?™f ^^le, Jo* assembly is 

and information is carried out between the ne«h bonng cells ^ ' intercellular bonds 

mechanically supported. The ceO is not CT. 
enable thecell to J?^to!3K. the conventional de- 

hlerceWar bonds formd in the c«IWing [ree«ss. 

molecules. This means that the cell loses to ^ inhibitors. 

(3 ) As a nutrient, the common -'^!-^ Ltion in order 

Thus, even if the cells with specific functons can of nutri ents and removal 
combined withanex^ace.lularmatnxand an effec^ 

of waste, the recovery of the cultured cells by £ * cell recovery sig- 

thecelMarfunctions-Par^^^ method the ^ 

completely break the cell assembly. ^ BaMWHW-w useful as simulators forthe evaluation 

^^.the*^^^ 

culture technology. Excessively tow initial ^^^J^^SS!^ Ttm cells adhere to the 
b said to retard the prdfferation of ce s harvest culthvation in a 

substrate. Particularly for pnmary ceBs or "* m- d ^°2 " ™ ntration excessively. In such cases, the 

pending on the types of the cells employed. 
Objects 

lt is an object of the invention to provide a a* cu.ture substrate, suitab.e for ce.l subculture, which avoids 
the above described problems. material suitable for easily judging the cnll 

so with respect to a cell culture substrate. 
Definition 

t„ _™ -I csr is used herein to mean a lo«er critical solution ten^emture „hich is a transition temper- 
. , JS,Tn,^X« poiymenc compound 0et«.en Mratfcn and den»d,at,.n. 
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SUMMARY OF THE INVENTION 

compound having an LCST lower than ^ e ^ to .^f^^^!^^" ^^dhra^esubstoioe havin^cros9- 
adheriiKjthe cel. to be cultured*^ 

^Sntin^^ 
coating of (a) a temperature^^ 

portions on a supporting material, each adhesive substance 

meric compound having an LCST lower than the « Al e ach of the coated portions 

capable of adhering the cell to be ^^^J^Z TeaYof the ooated portions having cros^ 

portions. „,, hire test material which comprises an array of 

,„ a further aspect the invention ^^/^^^^ g (a) temperature^esponsive 
coated prions onasuppor^ 

polymeric compound having an L OTIo^tn»tnecw wu h said cell adhesive substance 

capable of adhering the ce» to be cultured w.thout any *J«^^^^i! BB * one common pat- 

portions. m _, h ^i nf nrenarina a cell culture test material com- 

ma still further aspect, the invention encompasses a method of preparing a ce.i 

percent transmission of the ultraviolet rays. DreDarina a cell culture test material corn- 

In a still further aspect, the invention encompasses a method of preparing a cei. 

wing ~t*rtl*y 0» — «» <"* TrZL .toZ.SSr,. said paBem in each arc. te»- 



45 



prising: 



50 



prising: 



55 



EP 0 529 751 A1 



to «™th» w« B» "^SiSSSlg (.) . teroeraure^espon*. poly- 

BRIEF DESCRIPTION OF THE DRAWINGS 

DETAILED DESCRIPTION OF T HE INVENTION 

which can be used as one component of the cellcum^e LCST , he tempera Uire-re- 

^^teCsr^^^ 

teTO e„tu,e «bicb can be used as on e ^^^^"^^l^^, <**y«W«*°*- 
MHl beta., tat tbb invention » ™» «<» te ° 10 "««* '"" ,n, "'' 8 ' ™ e L ° S 

pMtfc „,«»« or hectic monomers on be ^^ l ^^J^;jS 1 «*»«toto«tl' 
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to these compounds. aCfvlate derivatives and methacrylate derivatives such 

Examples of suitable hydrophobic monomers are acrym i ww .^j,^ a,,^ (methtecrylamide der- 

^ Kenky^ H*ta. No. « P- * WJ^ k 

(in tetrahydroluran solution at 27 °C) ^, ^ h «, «iihired without any deterioration of the cell 

The cell adhesive substance capable of adhenng a eel to b '^^^^Za^co^ne^ 

ployed as tr*<*ll adhesive substance o^^ 

UiskrKn.nthaMngeneral.aJlaoenforr^f.b^m^ However, when collagen 

ina.ivingbody.arHitr*^^^^ 

is Present with a temr*rato^^ Jj£ .„ ^ culture meoium 

be exhibited. Wen the format^ 

vantages to decrease the number of such adhejng sits, to ^ and ^^ed 

35 It has now been found that the use of a cell euHur e ™^*™™™*„ a ^e. patte rn or a lamellar 
parts in the cei. adhesive substance are ^"^T^ However, the ease of 

pattern can regulate the n™*' * th ° adhe 7*^^^^ but also the degree of 

cell cultoring depends on not only such ^nce ifhas also been found that, in general, 

crosslink^ in the crosslinked parts of the cell J*^*^ ry and Sell growth abilfty. but reduce the 

• rr*S the - attechabaity and the ce " 

growth ability but improve the cell detachabtlity. substrate has a structure where 

so on the types of the cells employed. of ^ adjacent 
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ably not greater than 40 urn. adhesive substance is preferably notgreaterthan 

face of the supports matelial at » t»iw«n*»» WW ^«"* L-l-V. „|l culture substrate of the pres- 
duoiiscrastinte^theoenadl^rveset^ 

the above described range. 1Q0 preferably about 1.0 

The thickness of the coating after rt is dried is at least about ^ remarkably worsens, and it 

urn to 10 um. When the thickness is below about 0 5 um, the ce 1 J^J^J re ^ered unstable. 
Sesave^or*t.mefor^ 
Thethiclmessofthec^ 

— - — - 

^inks into the layer of the cel. adhesive substan^ 

The method of introducing^^ 
employed in the present invention may beany ™ ve ^^ 

the cell adhesive substance may be ^ m '^**^ these methods, irradiation 

• 

. d,i " 9 W hen nation wfch u.traviolet em = ^ 

stance, the exposure energy (i.e., .ntensity a f^^T^ ° about 10.000 J/m*. When the 

which can be employed in the ^'^ U ^^^^ Mm M from the ce.l cu.ture sub- 
exposure energy is more than about 10,000 J/m . the ceNs car , nar y irra diation 
strate. On the other hand, when the exposure energy is less than about 100 J/m ^ ^ g ^ 

so with ultraviolet rays can hardly be observed. If the irradiation . 

the same amount 

.etenoth oth. .!» 264 nm, the J^SS^ T^Lt»n W.U, utttrt*. „*. 

The supporting material which can be employed m the presen .nvent^ ' « > p J vcarbonate , poly- 
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Mose acetate, collagen or chftosan or a porous membrane of. for example, polypropylene, cellulose acetate. 

material each of the coated portions comprising a temperature-responsive polymenc compound and. as the 
^ adtsTvfsubstence. collagen or a mixture of collagen as a major component and at least one substance 
Samin«Sr^ 

^iS^thrombospondin. gelatin, lectins, anchorage oligopeptides and adhes,ve protejns .solated 
£^3^0 collagen or the mixture in each of the coated portions having crossed parte and non- 
^tted^arts in atlistone pattern setected from the group consisting of an island-in-sea .pattern a sea- 
^lattem £nd a LeDar pattern and (a) either having the same degree of crosslinking with a regutenty of 
SSTnid^ersfrltheregularityinea^ 

linkino which differs from the degree of crosslinking in each of the other coated portions. 
fcn lta2i of the coSd portions * preferably the same and t he number * ^ 
nrtir^larly limited. Typical numbers of coated portto^ 
cX portico is^^ 

J group typtoX consisting of two to eight coated portions, wKh the collagen or the collagen mirture in 
each ofThe coated portions in each group having the same degree of cross.ink.nj .and the same pattern of 
c^kedp^^^ 

each of the othercoated portions inthesamegroup.andthe pattern in one group wh.chdrffersfromthe pattern 

in "The^Le test materia, may a.so have two or three groups of coated portions on the sameplane 
each grow typically consisting of two to eight coated portions, with the collagen or the collagen m.xture n 
eS oZ portions in one group having crossed parts and non-cmssiinkedparte , the™pat- 
tem with a degree of crosslinking which differs from the degree of crosslinking in each of the other coated 
SrtiTns in th^Le group, and the pattern in one group which differs from the pattern in another group, K « 
K^hatthearea. the number, and the shape of each of the coated r^rtions in each grc^p are ^ 

Ac^rding to one embodiment of the methods of preparing such a cell culture test mater^ 
prisin^S^ 

SLperature and the cel. adhesive substance is formed on a circular supportmg , matenal. ^ ««« 
fe iTerLly irradiated with ultraviolet rays at different exposure energies through a ocular photo mask x> 
VUXSi 2-(a) or FIG. 2-(b). The fan-shaped area 1 or 1 1 allowing the transmission of the ultovolet rays 
byTsequ^ 

three Dattems of the present invention such as a gridlike pattern are fixed to the window. 

AcCng to another embodiment of the methods, a coating formed on a <^ «^ ™ * 
irradiated with ultraviolet rays through a circular photo mask as shown in FIG. 3-(a) or FIG 3-<b) where the 
fo^rTshaped areas 3. 4. 5 and 6 or 13. 14. 15 and 16 allowing the transmisston of the ultraviolet rays are 
orov ^ She photo mask 7 or 17 as the windows. Four transparencies bearing at least one pattern of the 

patterns with a regularity of the pattern which dif^^ 
anXd to the windows, respectively. More' specifically, when the pattern of the transparenc.es « a sea-sea 
pLtter" , o! a lameller pattern, the pattern has a repeat period which differs from the repeat penod of the *har 

45 ^According to a further embodiment of the methods, a coating formed on a circular supporting materia: ,s 
irradiated with ultraviolet rays through a combination of a circular photo mask whose entire surface has been 
JSKS at least one i the spewed patterns of the present invention and a circular photo mask ov ng 
an array of fan-shaped areas as shown in FIG. 3-(c) wherein each of the s.x fan-shaped areas 18. 19. I . . - . 
so and23 in the pEoto mask 24 a«ows a different percent ^T^^^^T^ 
More specifically, six transparency areas having percent transm.ss.ons of 100% for Area 18 50 h for Area 1 9. 
25 % for^O; 12.5% for Area 21; 6.25% for Area 22; and 3.125% for Area 23. respect-vely. are f .xed on 
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nTetbove described methods, the coating is formed on the supporting material ,n t e same ma ner 
as in the preparation of the cell culture substrate of the present invention, and the mtroductton of crosslinks 
fnto the coatLg in the specified pattern is most preferably carried out by the irradiat-on w.th the utavflM 
ra^havingawavelengthof 254 nm whose exposure energy is selected from the range of from about 1 00 J/nr^ 

to about 10,000 J/m 2 . 
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PNIPAAm : poly-N-isopropyl acrylamide 
DMEM : Dulbecco'3 modified Eagle's medium 



10 



FBS : fetal bovine ™™ . detachabi | ity were calculated from the following equations 

Cell AttachabOity and Growth (%) = Djgh 
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/<fcM _ Hell Detached Area x100 

Cell Delegability (%) - attached and Grown Area 
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Ana q ueous0. 5% <w*)so^^ 
autodav.-steri.ized. so.ubi.ized again b> '^^^S^^^^^^ 
HCL This PNIPAAm ^r^^°3ffi^7- JSduct of Koken K.K.) in such a manner 
from bovine dermis by pepsm.zat.on ( KOKEN . h APNiRAAmbwarne 1:9. 400 ul of the mixed solution thus 

ically carried out ^ K nn mo«hes as shown in FIG. H«) * M P laoed on the coati " 9, 

A stainless steel mesh having a s.ze of 500 » « 3^ ^ ^ng an ultraviolet irra- 

Then,2mlo(ai5t«e(l«ate.i>(3r^l»'"9 a P H< ' 3 " as .™°~^ ,.1 coatinawa. dyeo v«h Coo- 

a, 37-C to «. ho™* Sub~o.oen.1y. the *™«««« "'.S^' E££S2 on. hi». Unread... 
rm^MiamB l u.R.2»(ap^»«0,^ 



tern. 

Example 2 and Comparative Example 1 



energy of Tile ullravic*.t ray hadiatior. «as varied as shown in lawe I. Asaresu 
4$ portions was 41%. 

The evaluation of cell culture was condurt ^. as ^'°* S rnntainiria 10% {yN) FBS (a product of Gibco) so 
Human derma, fibroblasts were suspended '"^"£32 J£ JJir-d ^maintained at 37°C. 
as to form a final cel. density of about 2 x ^J^^^^S^c^ « a product 

ma sk was not employed for the Preparation < * thG ^'^chabiltty and growth became slightly poorer when 
The results are shown in Table I. Although the eel a ^ n ^" tty J det achability was dramatically im- 

" =~S===S===r 
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TABLE I 
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15 



Run No. 



1 
2 
3 
4 
5 



Exposure 
Energy of 
Ultraviolet Ray 
Irradiation 
(J/m 2 ) 



Example 2 



Ceile 
Attachability 
and Growth (%) 



8000 
4000 
2000 
1000 
200 



100 
100 
90 
60 
10 



Cell 
Detachability 

(%) 



Comparative Example 1 



Cell 
Attainability 
and Growth (%) 



60 
100 
100 
100 
100 



100 
100 
100 
80 
30 



Cell Detachability (%) 



0 
0 
90 
100 
100 



23 Example 3 and Co mparative Example 2 

The potion ofacoatingwas^ 

was employed instead of the mesh. As a ^* h *. to e , ^ r f manner a8 , n Example 2 exceptthat human chor- 

was not employed. A »h«-*ti» cell attachabillty and growth became slightly poorer when 

was also improved. 
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TABLE II 
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Run No. 

1 

2 



Example 3 



Exposure 
Energy of 
Ultraviolet Ray 
irradiation 
(J/m 2 ) I 

8000 , 
4000 



Cell 
Attachability 
and Growth (% 



Cell 
Detachability 

(%) 



Comparative Example 2 



Cell 
Attachability 
and Growth (%) 



Cell Detachability (%) 



100 | 

30 = 



80! 
100, 



100 j 
50 i 



0 
100 



50 
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E>^Je^^Com^ 

not employed. Examples 2 and 3, the cell attachability and growth became 

The results are shown in Table III. As seen m tx<*my 

11 
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the rate of cell detachment was improved. 
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Example 4 


Comparative Example 3 


Run No. 


Exposure 
Energy of 
Ultraviolet Ray 
Irradiation 
(J/m 2 ) 


Cell 
Attachability 
and Growth (%) 


Cell 
Detachability 

(%) 


Cell 
Attachability 
and Growth (%) 


Cell Detachability (%) 


1 
2 


8000 
4000 
^nno 


100 
70 
5 


90 
100 
100 


100 
80 
15 


5 

40 
100 


| * I =■ 
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Example 5 and Comparative Example 4 
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a c«™«ol=l»«valal.leWn.ii<l.*(raeoi>3ora. a p»»« orj p M , ret(llt lte 

STme* in Run No. 1 «. mo* «■*• <°' "■• "* «""•• 
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50 
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Example 
5 

Run 
No, 

1 

2 
3 
4 



Cell 
Attacha- 



Size 

of 
Meshes 


Line 
Width 
itm) 


Aperture 
Width 


Aperture 
Ratio 

{%> 


bility 
and 
Growth 

f%) 


Cell 
Detacha 
bility 
(%) 


500 


25 


25 


25 


100 


100 


500 


18 


32 


41 


100 


80 


460 


30 


25 


17 


80 


100 


380 


40 


27 


16 


90 


100 



20 



25 



Compa- 
rative 
Example 
4 

Run 
No. 



100 



100 



30 



35 



40 



Example 6 and Comparative Example 5 

preparation - .ft. ... mm ~ I. «. a %^Z!SmZmm 

The^svaluauon of eel culhjre wascanied ^o^^swworepea^ fiJ^P'^' 181 a photo mask hav- 
ing awhao^vdiich oonw[«od©^to onerf^»^^w ^^^^^^gofThetfeh'iwssucw^^*^ irnsoiatad 

- t^rr rirjss; = ~ri b s 

As a result, it was found that Area No. 1 was suitable for this cell culture. 



45 TABLE V 

! Area i 1 Aperture Ratio 

: Detachabiliiy Width (urn) Aperture ( M m) , {% , 

so ! 



NO. 

1 2 

2 5 
10 10 
20 . 20 ^ 



2 1 25 
5 1 25 



55 on Ml 25 



Cell | 


Cell 


Attachability 


Det3chability 


and Growth (%) j 


(%) 


100 I 


100 


j 95 ! 


100 


: ao : 


100 


60 , 


130 
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TABLE VI 



Area No. 


... - - - • 

Exposure Energy of 
Ultraviolet Ray Irradiation 
(J/m 2 ) 


Cell AttachabBity and growth 
(%) 


_ .. . ■ 

Ceil Detachability (%) 


1 


1000 


5 


100 


2 


2000 


20 


100 


3 


4000 


50 


95 


4 


6000 


100 


15 



15 



20 



25 



Example 7 and Comparative Example 6 

ployed. As a result, it was found that Area No. 2 was suitable for this cell. 

TABLE VII 





Area No. 


Line Width fom) 


Repeat Period 
(>im) 


Aperture Ratio 
(%) 


Cell 
Attach abil ity 
and Growth (%) 


Cell Detachability 
(%) 


35 


1 


2 


4 


50 


100 


90 




2 


5 


10 


50 


100 


100 




3 


10 


20 


50 


70 


100 


AO 


4 


20 


40 


50 


50 


100 



45 



50 



\ Area No. 

! _ 

1 

2 



Exposure Energy of 
Ultraviolet Ray Irradiation 
(J/m 2 ) 



TABLE VIII 



1000; 
2000 
4000 
6000 



Cell Attachability and Growth j 

(%) j 

15 j 

80 I 

! 

100 I 



Cell Detachability (%) 



100 i 

100 ; 

40 i 



55 
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15 



20 



Example 8 and comparative Example 7 

to one of the six equally d.v.ded ^•J*** ™ " ™ 0 of 32 um and an aperture ratio of 41% 

those in Comparative Example 7. 

TABLE IX _ 



25 



30 







Area No. 


Exposure 
Energy of 
Ultraviolet Ray 
Irradiation 
(J/m 2 ) 


1 


8000 


2 


4000 


3 


2000 


4 


1000 


I 5 


200 


' 6 


0 



Example 8 



Cell 
Attachability 
and Growth (%) 



Cell 
Detachability 

(%) 



Comparative Example 7 



Cell 
Attachability 
and Growth (%) 



Cell Detachability 
(%) 



35 



40 



100 
100 
90 
60 
10 
0 



60 
100 
100 
100 
100 



100 
100 
100 
80 
30 
0 



0 
0 
90 
100 
100 



45 



50 



55 



Example 9 and Comparative Example 8 
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^Ttedearftom Table X that the optimal exposure energy of ultraviolet ray irradiation was am^-"* 
in this instance, the cell attachability and growth and the cell detachability were further .mproved than those 
in Comparative Example 8. 

Table X 



10 



15 



20 







Example 9 


Comparat 


ive Example 8 

Cell Detachability 
(%) 


Area No. 


Exposure 
Energy 
Attacnaburty or 
v Ultraviolet Ray 
Irradiation 
(J/m 2 ) 


Cell 
Attachability 
and Growth (%) 


Cell 
Detachability 

(%) 


Cell 

M. * * ■ t ft |* _ 

Attachability 
and Growth (%) 


18 


16000 


100 


50 


100 


0 


19 


8000 


100 


90 


100 


10 


20 


4000 


30 


100 


50 


100 


21 


2000 


20 


100 


30 


100 


22 


1000 


20 


100 


30 


100 


23 


500 


0 




0 


- 



25 



30 



35 



40 



Example 10 and Comparative Example 9 

The preparation of a coating was carried out in the same manner as in Example 8 except that the weight 
mixing ratio oMhe collagen to the PNIPAAm was 1:39 instead of the 1:9 and a photo mask (0 having a w.ndow 
as shown in FIG. 2-(b) superimposed with a photo mask (ii) of quartz glass whose enfre surface had been 
etcneTwih a sea-sea pattern having a repeat period of 10 urn was employed, and the exposure energy of 
USSTti ^iation was varied as shown in Table X.. As a result, the total area of crosshnked porUons 

W88 30%. . _ „ . . 

The evaluation of cell culture was carried out in the same manner as in Example 4. 

in Comparative Example 9, the above described procedures were repeated except that the photo mask 

(0 Xl ZZSZSL in Table XI. As seen in Examples 8 and 9. the cel. attachability and growth became 
slightly poorer when the photo mask (ii) was employed than when the photo mask (ii) was not employed, but 
the cell detachability was dramatically improved and the rate of cell detachment was mproved^ 

It is clear from Table XI that the optimal exposure energy of ultraviolet ray .rrad.at.on was 8000 J/m* and 
in this instance, the cell attachability and growth and the cell detachability was further improved than those 
in Comparative Example 9. 



45 



50 
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TABLE XI 



- ■ 




Example 10 


Comparat 


ive Example 9 


Area No. 


Exposure 
Energy of 
Ultraviolet Ray 

Irradiation 

(J/m 2 ) 


Cell 
Attainability 
and growth (%) 


Poll 

Detachabllity 
(%) 


Cell 
DetacnaDnity 
and Growth (%) 


Cell Detachabllity 
(%) 


1 


16000 


100 


40 


100 


0 


2 


8000 


100 


100 


100 


60 


3 


4000 


20 


100 


40 


100 


4 


2000 


0 




0 




5 


1000 


0 




0 




6 


500 


0 




0 





Claims 



1. Acdlculturosubstratehavingacellg^^ 

pound having an LCST lower than the culture temperature and (b) a cell adhesive substance capable of 
adhering the cell to be cultured without any degeneration ofthe cell coaled on a supporbng matenal sajd 
cell adhesive substance comprising collage, or a mixture of collagen as a major component and aUeast 
one substance as a minor component selected from the group corttisting of f.brone^ 
tin. proteoglycan, glycosaminoglycan. thrombospondin. gelatin, lectins, anchorage oligopeptides and ad- 
hesive proteins isolated from shellfish and having crosslinks parts and non-crossl,nked parts .n at least 
one pattern selected from the group consisting of an island-in-sea pattern, a sea-sea pattern and a la- 
mellar pattern. 

2 The cell culture substrate of Claim 1. wherein said temperature-responsive polymeric compound is se- 
" lected from the group consisting of a poly-N-substrated acrylamide derivative or ^'V mer the ^° f - ■ 
poly-N-substituted methacrylamide derivative or copolymer thereof, polyvinylmethylether. and a partially 
acetylated polyvinylalcohol. 

3. The cell culture substrate of Claim 2. wherein said temperature-responsive polymeric compound is a poly- 
N-substituted acrylamide derivative. 

4. The cell culture substrate of Claim 3. wherein said poly-N-substituted acrylamide derivative is poly-N- 
isopropyl acrylamide. 

5. The cell culture substrate of Claim 1 . wherein the weight ratio of said temperature-responsive polymeric 
compound to said cell adhesive substance is about 49:1 to about 9:1. 

6 The cell culture substrate of Claim 1 , wherein the thickness of the coating comprising said temperature- 
responsive polymeric compound (a) and said cell adhesive substance (b) is at least 0. 3 u». ,. 

7 The cell culture substrate of Claim 1 . wherein said temperature-responsive polymeric compound and said 
' cell adhesive substance are in the form of at least one coating on said supporting matenal. sa.d coating 

being either 

(a) a mixture of said polymeric compound and said cell adhesive substance, 

(b) a sequential layer wherein a first layer comprises said polymeric compound and a second layer com- 
prises said cell adhesive substance or 

<c) a sequential layer wherein a first layer comprises said cell adhesive substance and a second layer 
comprises said polymeric compound. 
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8. The cell culture substrate of Claim 1 , wherein the total area of said crosslinked parts in the cell adhesive 
substance is not greater than 50% of the cell growth area. 

9. The cell culture substrate of Claim 8, wherein said total area is not greater than 30% of the cell growth 
area. 

10 The cell culture substrate of Claim 1 , wherein said pattern is an island-in-sea pattern and the size of islands 
' and the distance between two adjacent islands are not greater than the size of the cell to be cultured. 

11. The cell culture substrate of Claim 10, wherein said size of islands and said distance between two adjacent 
islands are 0.1 um to 50 um. 

12. The cell culture substrate of Claim 1. wherein said pattern is a sea-sea pattern or a lamellar pattern and 
the repeat period is not greater than twice the size of the cell. 

,5 13. The cell culture substrate of Claim 12. wherein said repeat period is not greater than 100 um. 

14. The cell culture substrate of Claim 13. wherein said repeat period is not greater than 40 um. 

15 A method of preparing a cell culture substrate which comprises forming a coating comprising 
n ' (a) a temperature-responsive polymericcompound having an LCST lower than the cell culture temper- 

ature and 

(b) collagen or a mixture of collagen as a major component and at least one substance as a minor com- 
ponent selected from the group consisting of f ibronectin, vitronectin, laminin. proteglycan, glycosarro- 
noglycan, thrombospodin. gelatin, lectins, anchorage oligopeptides and adhesive proteins isolated 

from shellfish, , 

at a weight ratio of about 49:1 to about 9:1. said coating being formed to a thickness of at least about 0.5 
urn on a supporting material, and introducing crosslinks into said collagen or said mixture h said coating 
in at least one pattern selected from the group consisting of an island-in-sea pattern, a sea-sea pattern 
and a lamellar pattern. 

30 16 Themethod of Claim 15. wherein the introduction of crosslinks into said collagen orsaid mixture is carried 
' out by irradiating said coating with ultraviolet rays having a wavelength of 254 nm at an exposure energy 
of about 100 to 10,000 J/m* through a photo mask bearing said pattern allowing the transmission of said 
ultraviolet rays. 

35 17. A cell culture test material which comprises an array of coated portions on a supporting material, each 
of sad coated portions comprising: 

i) a temperature-responsive polymeric compound and, 

ii) collagen or a mixture of collagen as a major component and at least one substance as a minor com- 
ponent selected from the group consisting of f ibronectin, laminin, vitronectin, proteoglycan, glycosa- 

40 minoglycan. thrombospondin, gelatin, lectins, anchorage oligopeptides and adhesive prote.ns isolated 

from shellfish, - . • ». u < 

each of said coated portions having substantially the same area, said collagen or said mixture in each 
said coated portions having crosslinked parts and non-crosslinked parts in at least one pattern selected 
from the group consisting of an Mand-in-nea pattern n ana-sea pattern and a lamellar pattern and t..-» 
46 same degree of crosslinking, and the regularity of said pattern which differs from the regularity in eacn 

of the other coated portions. 

18. A cell culture test material which comprises an array r roatsd portions on supporting material ea; , 
of said coated portions comprising: 
50 i) a temperature-responsive polymeric compound and, 

ii) collagen or a mixture of collagen as a major component and at least one substance as a minor com- 
ponent selected from the group consisting of fibronectin, laminin, vitronectin, proteoglycan, glycosa- 
minoglycan, thrombospondin, gelatin, lectins, anchorage oligopeptides and adhesive prote.ns totaled 

from shellfish, . . 

55 each of said coated portions having substantially the same area, and said collagen or said mixture in each 

of said coated portions having crosslinked parts and non-crossl inked parts in at least one pattern selected 
from the group consisting of an island-in-sea pattern, a sea-sea pattern and a lamellar pattern with a de- 
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gree of crosslinking which differs from the degree of crosslinking in each of the other coated portions. 

19. The cell culture test material of Claim 17 or Claim 18. wherein each of said coated portions is detached 
from one another. 

5 20. The cell culture test material of Claim 17 or Claim 18, wherein the number of said coated portions is 2 to 
10. 

21 The cell culture test material of Claim 17. wherein said coated portions are divided into two or three groups 
" with each group consisting of a plurality of said coated portions and said collagen orsa.d mature in each 
10 of said coated portions has crosslinked parts and non-crosslinked parts in t he same pattern .n each grou p 

with the same degree of crosslinking and a regularity of the pattern which differs from ' the "Bgutenty ,n 
each of the other coated portions in the same group and said pattern in one group which drffers from the 
pattern in another group. 

« 22. The cell culture test material of Claim 21 . wherein each group has the same number of said coated por- 
tions. 

23 The cell culture test material of Claim 18, wherein said coated portions are divided into two or three groups 
' with each group consisting of a plurality of said coated portions and said collagen or sa.d mature .n each 
20 of said portions has crosslinked parts and non-crosslinked parts in the same pattern in each group wrth 

adegreTrfcrosslinkingwhichdiffersfromthedegree of crosslinking in each of the other coated porhons 
in the same group and said pattern in one group which differs from the pattern in another group. 

24. The cell culture test material of Claim 23, wherein each group has the same number of said coated por- 
25 tions. 
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FIG. 1-(a) 



FIG. 1-(b) 
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FIG. 2-(a) FIG. 2-(b) 




FIG. 3-(a) FIG. 3-(b) 




FIG. 3-(c) 
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